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Abstract
The purpose of this paper is to comparatively study the design of a road structure, using parameters provided 
by standards and their practically measured counterparts. This aspect has multiple consequences, and the ones 
emphasised are mainly the economical costs and the environmental impact. The location of this study is the 
Western edge of the city of Cluj Napoca, Romania. Using the trafϐic data provided by a weigh-in-motion (WIM) 
system installed on site, a series of parameters used for the design of road structures were evaluated. These 
parameters are also provided by Romanian standards, and their values were used in this comparative approach. 
The aim was to establish which procedure provides the best solution, considering different theoretical and 
practical approaches. After setting up ϐive work hypotheses, the standardised road design procedure was applied. 
The geotechnical, climatic and hydrological data were used to establish the bearing capacity of the soil. Semi-rigid 
road pavements were chosen and the 3 (three) eligibility criteria were veriϐied. Different results for the considered 
hypotheses were obtained. The study emphasises the technical and economical aspects, providing at the same time 
an environmental point of view. The obtained results support the idea that WIM trafϐic data is a useful tool for road 
pavement design, as long as trafϐic conditions are similar for the studied sectors. Using the effective trafϐic values 
as the basis for pavement design leads to economical advantages and less harmful effects on the environment. 
Keywords: environmental impact, road design, road structure, weigh-in-motion
INTRODUCTION
The design of non-rigid road pavements is 
carried out in Romania using an analytical method 
of dimensioning. This approach is based on three 
eligibility criteria. Their validation means that the 
proposed road structure is suitable and may be 
accepted (PD 177, 2001).
Road structures in Romania are very diverse. 
The main reason for this diversity is the evolution 
in time of the conception reffering to the role of 
different road layers (courses). Also, different 
calculus parameters have constantly changed in 
time. Fodor et al. (2002) show that in Romania, 
starting from 1985, the N
c
 calculus trafϐic used 
for the structural design of public roads, except 
streets, is based on converting vehicles heavier 
than 3.5 tons into standard 11.5 tons axles. 
This equivalation is done using standardised 
coefϐicients, whose values are established either as 
an average on the national roads network or based 
on the spectre of real axle-loads, determined using 
weigh-in-motion (WIM) measurements (AND 584, 
2012). For this study, we used both standardised 
values and real trafϐic data, collected using a WIM 
system.
WIM represents the process of measuring 
the dynamic tyre forces of a moving vehicle and 
estimating the corresponding tyre loads of the 
static vehicle (ASTM, 1994; Wei and Fricker, 2003). 
There are three types of monitoring technologies: 
intrusive, non-intrusive and off-roadway (Bottero 
et al., 2012; Klein, 2001). WIM systems represent 
an intrusive trafϐic monitoring technology, 
because they require to be practically installed in 
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in a region. Venigalla and Ali (2005) developed a 
transportation planning and air quality support 
service in the state of Virginia, U.S.A. The service 
is based on archived trafϐic performance measures 
(e.g. speed, volume, density, peak hour factor etc.).
All these aspects are considered in this 
paper, through the analysis of 5 (ϐive) different 
approaches on establishing the N
c
 calculus trafϐic 
and their inϐluence on the bearing capacity of road 
structures. The purpose of this comparative study 
is to emphasise the technical and economical 
impact of the studied hypotheses. At the same 
time, it is important to establish the most efϐicient 
solution, because this could minimise the negative 
environmental effects of road engineering.
MATERIALS AND METHODS
This study has been carried out on the 
European E60 road (DN1 National Road), at the 
Western edge of the city of Cluj Napoca, Romania 
(Fig. 1). In the studied sector, the road consists of 
a single carriageway with 4 (four) trafϐic lanes. In 
this section, a high-speed WIM system has been 
functional since April 2013 (Fig. 2). The system is 
owned by the Technical University of Cluj Napoca.
The WIM system used in this study consists 
of two piezo-electric sensors and one inductive 
loop, per lane, installed in the road (Fig. 3). The 
sensors work on the principle of converting 
mechanical energy, generated by passing vehicles, 
into electrical energy. The collected electric signals 
are transferred to the electronic unit, installed in 
a protective cabinet just outside the carriageway. 
Stored data is collected either on site, using a data 
cable, or via a modem and telephone line.
the pavement itself, in saw-cut holes or tunnelling 
under the surface (Bottero et al., 2012).
This type of monitoring system is a useful 
traϐic data collection tool, which has been used for 
about 50 years. Its applications include: pavement 
research, trafϐic engineering, facility design, trafϐic 
monitoring and weight enforcement (Wang and 
Wu, 2004). Being a technique for continuously 
measuring different trafϐic parameters without 
stopping vehicles, WIM is a fast and unobtrusive 
trafϐic engineering tool (Slavik, 2007), which 
represents an important source of data used in road 
pavement design (Mai et al., 2013). The collected 
WIM trafϐic data may be stored and used either 
to conceive a pavement design guide or to build a 
weight enforcement network (Gulyas, 2012).
Some of the negative environmental effects of 
roads include: degrading of air quality, pollution, 
noise, toxic emissions etc. Most of the emissions 
released at an asphalt mixing facility come from 
the combustion of fuel which is used to dry and 
heat the aggregates and to keep the asphalt hot. 
Caiazzo et al. (2013) identiϐied road transportation 
as one of the six major sources of combustion 
emissions. According to their study, about 53,000 
early deaths occur per year in the U.S.A. because of 
motor vehicle emissions.
The main motor vehicle emissions are: 
nitrogen oxides (NO, NO
2
), volatile organic 
compounds (VOC), ozone, carbon monoxide (CO), 
carbon dioxide (CO
2
), particulate matter (PM
10
, 
PM
2.5
) and other air pollutants. According to 
Mazzi and Dowlatabadi (2007), particulate matter 
accounts for 90 deaths per year in the U.K. WIM 
collected data can be used to evaluate the air quality 
Implications of Road Structure Design Using Different Approaches
F ig. 1. Cluj Napoca WIM location
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The ϐirst step of the analytical design of non-
rigid road pavements is the evaluation of the N
c
 
calculus trafϐic, expressed in millions of standard 
axles (m.s.a.). The N
c
 computing trafϐic is obtained 
using eq. (1) (AND 584, 2012):
 6 n6c rt k k k,i k,i 1 i
k 1 i 1
N 365 10 c AADT f 0,50 p p t 
 
            
(1)
where:
c
rt
 – transversal trafϐic repartition coefϐicient, on 
the mostly used lane;
AADT
k
 – annual average daily trafϐic in the base 
year (year 1), for vehicles from group ‘k’;
f
k
 – equivalation coefϐicient into 11.5 t standard 
axles, for vehicles from group ‘k’;
Based on ofϐicial trafϐic censuses data, Iliescu 
et al. (2013) showed that the trafϐic volume 
in the studied area nearly doubled during the 
2000–2010 decade. In 2000, the annual average 
daily trafϐic (AADT) was 8157 vehicles. In 2010, 
it was 15397, and the growth tendency has 
continued over the last years. According to Ciont 
et al. (2014), trafϐic volume in the studied area is 
going to double over the next 15 years, so trafϐic 
improvement scenarios should be considered. 
Another downside of this growth is pollution. Toșa 
et al. (2013) proposed a methodology to estimate 
trafϐic related pollutant emissions using transport 
modelling and an emission estimation procedure. 
The developed methodology focused on carbon 
monoxide (CO), but it could be extended to any 
other pollutant, being an useful tool to analyse 
sustainable transportation.
CADAR et al
Fi g. 2. Cluj Napoca WIM system
Fig . 3. Cluj Napoca WIM layout
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are determined according to the AND 584 norm, 
depending on: the spectre of real axle-loads, the 
type of road structure and the type of axles. In 
this paper, WIM collected data was used and the f
k
 
values in tab. 1 were obtained.
The corrections made to these coefϐicients 
were considerable, especially in the case of 2-axle 
trucks, which represent a signiϐicant part of 
vehicles heavier than 3.5 t. This led to studying the 
inϐluence that the mentioned modiϐications had on 
the N
c
 trafϐic and on the road structures and costs.
In this study, both the N
c
 trafϐic calculated 
according to the results of the trafϐic censuses, 
provided by the road administration, and the 
N
c
 trafϐic evaluated based on WIM data, were 
used. N
c
 was established for a 15-years period of 
perspective, starting in 2013 and ending in 2028. 
The standardised trafϐic evolution coefϐicients, 
based on trafϐic censuses, per vehicle categories 
(Eq.(1)), were used.
For the studied area, the following parameters 
are known:
- geotechnical characteristics;
- climate type;
- hydrologic regime.
These parameters led to establishing the 
bearing capacity of the roadbed. This is the ϐirst 
step in verifying if a certain road structure could 
have a successful behaviour in time under trafϐic. 
Then, the proposed structural layers, which need 
to verify the standardised admission criteria, were 
established.
The proposed road structures are new, semi-
rigid and laid on a 20 cm subgrade of ϐilling 
material treated with lime. Two subbase layers 
were chosen, an inferior granular one and a 
p
k,i
, p
k,i+1
 – perspective trafϐic evolution coefϐicients, 
for vehicles from group ‘k’, at the beginning and 
the end of the ‘i’ partial perspective period;
t
i
 – length of ‘i’ perspective period [years];
n – number of partial t
i
 perspective periods.
Since the currently used dimensioning metho-
dology has been used, the c
rt
, f
k
 and p
k
 factors were 
changed after each trafϐic census. Precisely, the 
2002 values (AND 584, 2002) were corrected in 
2012 (AND 584, 2012) and adjusted to the trafϐic 
volume and distribution at that time. In this paper, 
both the standardised values for the c
rt
 and f
k
 
parameters, as well as their values calculated 
based on WIM trafϐic data, were used.
Regarding the c
rt
 transversal trafϐic repartition 
coefϐicient, the standard value for 4 (four) lane 
roads in suburban areas (corresponding to this 
case) is 0.35. On the other hand, c
rt
 evaluation for 
the mostly used lane, based on the collected WIM 
data, led to c
rt
=0.45.
Real axle loads are considered in the struc-
tural design of road pavements (Gulyas, 2012). 
The evaluation of the N
c
 trafϐic is based on the 
equivalation of different types of vehicles into 
standard 11.5 t axles. This is done using the f
k
 
equivalation coefϐicients, which represent the 
number of standard axles that have the same effect 
on the road as the real vehicles. The f
k
 coefϐicients 
are established per groups of vehicles.
WIM data is extensively used in the design 
of road pavements, design of bridges and weight 
enforcement (Mai et al., 2013). If there are no 
WIM systems on the studied road or network, 
standardised f
k
 coefϐicients are used (AND 584, 
2012), which represent an average on the national 
roads network (Tab. 1). Otherwise, f
k
 coefϐicients 
Implications of Road Structure Design Using Different Approaches
Tab.  1. Equivalation coefϐicients of vehicles into standard 11.5 t axles
Type of vehicle
f
k
 coefϐicient
AND 584, 2002 AND 584, 2012 using WIM data
2-axle trucks 0.4 0.1 0.2
3-axle trucks 0.6 0.7 0.5
4-axle trucks 0.6 0.7 1.1
articulated vehicles 0.8 0.9 1.5
buses, coaches 0.6 0.6 -
tractors 0.3 0.1 -
road train/special vehicles - 1.0 1.2
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- the thickness and characteristics (dynamic mo-
dulus and Poisson’s ratio) of each course;
- the depth of calculus for stresses and strains.
The results are provided in a Notepad ϐile 
and they consist in the stresses and strains which 
occur in the structure under trafϐic. If all of the 
admission criteria are passed, then the structure 
is valid. Otherwise, it should be reviewed until it 
corresponds.
Considering all these aspects, 5 (ϐive) work 
hypo theses to determine the N
c
 calculus trafϐic 
were identiϐied (Tab. 2).
After verifying the proposed structures, an 
economical evaluation was carried out, using 
a standardised electronic procedure. For each 
structure corresponding to the assumed work 
hypothesis, the costs were evaluated per 1000 
sqm.
RESULTS AND DISCUSSION
The N
c
 trafϐic values and the road structures 
corresponding to the 5 (ϐive) calculus hypotheses 
are presented in tab. 3.
The proposed road structures verify the 
standardised design criteria. However, their 
layout is orientative and one could adopt other 
conϐigurations. As the purpose of the study was 
not to design a structure, but to compare different 
hypotheses, the proposed methodology does not 
directly interfere with the choice of structure. 
A constant thickness for the foundation/
subbase courses across the different hypotheses 
was maintained, in order to better reϐlect the 
geometrical variability of the base and wearing 
courses (Tab. 3, Italic characters). Higher N
c
 trafϐic 
values lead to thicker courses, which provide the 
necessary road structure bearing capacity.
The results obtained following the Calderom 
analysis show that the proposed structures are 
suitable (Fig. 5, Fig. 6, Fig. 7). The standardised 
admission criteria are met. The N
c
 values obtained 
using different approaches inϐluence the stresses 
and strains which occur in the structure.
The effective stresses and strains for all 
admission criteria are situated below the imposed 
limit. The admission percentage obtained for 
the stresses and strains in all ϐive hypotheses 
are presented in tab. 4. As mentioned before, the 
purpose of the study was to compare the effects 
of different hypotheses, not to design speciϐic 
superior stabilised one. The base course and the 
wearing course are asphaltic (Fig. 4).
F ig. 4. Typical road structure
The proposed road structures need to verify 
the following admission criteria:
- the allowable tensile strain (ε
r
) at the base of 
the asphaltic layers criterion, translated as 
the admissible Fatigue Rate of Degradation 
(FRD
adm
). The effective FRD should not exceed 
FRD
adm
 (Eq.(2)):
FRD ≤ FRD
adm 
(2)
- the allowable tensile stress (σ
r,adm
) at the base of 
the stabilised course criterion (Eq.(3)):
σ
r
 ≤ σ
r,adm
 (3)
- the allowable compressive strain (ε
z,adm
) at the 
subgrade level criterion (Eq.(4)):
ε
z
 ≤ ε
z,adm 
(4)
The evaluation of stresses and strains in the struc-
ture under the action of the standard 11.5 t axle 
is carried out using the standardised electronic 
application called Calderom. It has a simple 
MS-DOS based interface and it requires the 
following input data:
- the studied road/sector;
- number of structural road layers (maximum 5);
CADAR et al
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Tab. 2. Work  hypotheses
Hypothesis
Trafϐic data Equivalation coefϐicients
WIM Trafϐic census AND 584, 2002 AND 584, 2012 using WIM data
1 ● ●
2 ● ●
3 ● ●
4 ● ●
5 ● ●
 Tab. 3. N
c
 trafϐic and road structures
Hypo. Hypothesis description
N
c
 
(m.s.a.)
Road structure
Material Thickness (cm)
1
WIM trafϐic data;
WIM based equiv. coefϐicients.
3.82
asphaltic wearing course 
asphaltic base course
stabilised subbase
granular subbase
subgrade
4+6
8
22
24
20
2
WIM trafϐic data;
equiv. coefϐicients: AND 584-2002.
5.13
asphaltic wearing course 
asphaltic base course
stabilised subbase
granular subbase
subgrade
4+6
10
22
24
20
3
WIM trafϐic data;
equiv. coefϐicients: AND 584-2012.
2.05
asphaltic wearing course 
asphaltic base course
stabilised subbase
granular subbase
subgrade
4+6
6
22
24
20
4
2010 trafϐic census data;
equiv. coefϐicients: AND 584-2002.
7.42
asphaltic wearing course 
asphaltic base course
stabilised subbase
granular subbase
subgrade
5+6
12
22
24
20
5
2010 trafϐic census data;
equiv. coefϐicients: AND 584-2012.
4.32
asphaltic wearing course 
asphaltic base course
stabilised subbase
granular subbase
subgrade
4+6
8
22
24
20
F ig. 5. Tensile strains at the base of the asphaltic layers
Implications of Road Structure Design Using Different Approaches
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Fi g. 6. Tensile stresses at the base of the stabilised course
Fig . 7. Compressive strains at the subgrade level
Tab . 4. Stresses and strains – admission rates [%]
Hypothesis N
c
 (m.s.a.) FRD/FRD
adm
 [%] σ
r
/σ
r,adm
 [%] ε
z
/ε
z,adm
 [%]
1 3.82 51 54 66
2 5.13 51 44 65
3 2.05 34 51 61
4 7.42 47 39 64
5 4.32 57 48 68
Fi g. 8. Economical evaluation results
CADAR et al
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modiϐications brought to the 2002 coefϐicients 
were useful, as they are representative and better 
reϐlect the stresses and strains which occur in 
the structure. Using WIM trafϐic data provides 
results which are satisfactory enough, cheaper 
and more environmentally friendly. Applying the 
updated 2012 trafϐic coefϐicients is a useful tool, 
especially when trafϐic monitoring devices, such 
as the one used in this study, are not available. 
Combining WIM trafϐic data and standardised 
trafϐic coefϐicients provides best results.
CONCLUSION
From a technical point of view, using WIM 
trafϐic data in the studied case provides more 
economical results, based on the fact that the N
c
 
trafϐic is more realistic for the studied sector. 
However, the standardised values are applicable to 
a wider range of road sectors and cover a broader 
set of trafϐic composition and values.
From an environmental point of view, any 
reduction of structure thickness implies less 
construction material (such as asphalt) being 
produced, which means less emissions and less 
negative environmental impact. In the case of road 
rehabilitation, an useful and efϐicient technology 
is the recycling of the existing pavement. In the 
U.S.A., over 80% of asphalt removed from roads is 
reused as construction aggregate. It can be either 
mixed into new pavement or used as subbase or 
ϐill material (FHA, 2012).
Although asphalt and other construction 
materials are very useful and widely used, the 
importance of environmental issues and challenges 
has signiϐicantly increased during the last decades. 
People have become more and more conscious and 
aware of their actions’ consequences. At the same 
time, small and large-scale measures, as well as 
research and educational programs, are essential 
(Kennepohl, 2008). 
In conclusion, WIM trafϐic data is a useful 
tool to assess the trafϐic volume on a road sector. 
Not only does it offer a more accurate image of 
the trafϐic on the studied road, but the structures 
adopted based on WIM data are cheaper and less 
harmful to the environment. Collected data can be 
used to directly evaluate motor vehicle emissions, 
and, indirectly, to reduce the emissions released at 
asphalt mixing facilities. However, from a technical 
point of view, WIM data collected on a certain 
road structures. Although the choice of structure 
could lead to higher admission rates and higher 
efϐiciency, the difference between separate 
approaches would still be the same.
The lower the percentages in tab. 4, the 
higher the structural strength reserve is and one 
could adopt less thick courses, with lower costs 
and negative environmental impact. Hypothesis 
no.1, which uses both WIM trafϐic data and WIM 
based coefϐicients, provides lower strength 
reserve than other approaches, especially in the 
case of the allowable tensile stress (σ
r,adm
) at the 
base of the stabilised course. However, the same 
road structure, in hypothesis no.5, provides 
similar efϐiciency, but in the case of the other two 
admission criteria. Therefore, in the studied case, 
using WIM data on one hand, and trafϐic census 
data and the 2012 standardised coefϐicients on 
the other, provides similar results. Combining 
the two leads to hypothesis no.3, which leads to 
highly efϐicient results, compared to the other 
approaches.
The ϐinancial evaluation showed that the 
cheapest solution would be to adopt the structure 
from hypothesis no.3 (Fig. 8). The costs implied 
by this solution would be 20% cheaper than 
structure no.4. Hypotheses no.1 and 5 imply the 
same road structure (Tab. 3), therefore they imply 
similar ϐinancial costs, 6.7% more expensive than 
approach no.3.
Assuming the calculus hypotheses in tab. 2, the 
maximum costs were obtained for the structure 
corresponding to hypothesis no.4. This result was 
predictable, considering the high N
c
 trafϐic and the 
thick structural layers (Tab. 3).
Hypotheses no. 2 and 4 are based on the 2002 
trafϐic equivalation coefϐicients, which are no 
longer used in practice. They were replaced by the 
2012 ones. Practically, this means that the values 
in ϐig. 8 show a shift in the past years towards 
adopting more economical solutions. These imply 
both reduced costs and reduced environmental 
impact. If hypotheses no. 2 and 4 were eliminated, 
then the most economically advantageous solution 
remains no.3, which would be about 6% cheaper 
than the other ones.
 Based on the obtained results, using WIM 
trafϐic data and the 2012 trafϐic equivalation 
coefϐicients would be the best design approach, 
from a technical, ϐinancial and environmental 
point of view. It is also to be noted that the 
Implications of Road Structure Design Using Different Approaches
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road sector should only be applied on roads with 
similar trafϐic characteristics.
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